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Description 

HEkB^IHO^™ . , „ eareaar ouplll-V compounds and par- 

protection. 
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Bk£\<QBQM&Q-2^^^^^^'^^^^^ . merference (EMl) an d electro- 

magnetic pulses (EMP . The souc emanatjn g external of the electro op ' jtsS ensor. Since 

all EO systems usually have a w« E Ml/EMP protection. conductive coating or grid, 

often required that the window or dome ™ B ^ 0Dta ined by application o* a conduct^ 
SSn * * e ^ ^ ^CSTIS^^ This conductive ^coating , or ^^J^ are, 
Lch as a metal window screen to he w,ndo ^ Thus, the EOjstem ^ ^ 

generally essential that a substantial portion of ^ ^ ^ ^ ^ 

d<W - , r.f urn -r en* and gallium phosphide Jt^^^JU and temperature «n*Y 
r00041 Gallium a r 0 e...je \- . /-—-mnA wavelength region jvn..e .> ripctronics Conference, 

D,^n.OH.US.A..1OT.P' 5 " B "» ,!UI1 

Ms property. ,,», a „d the retfcMty is <°° h,s " "L Pal M No. 4.826.266, hcwevsr «*■ 

[00051 « * W lempOT"^ ""*" « ,„ »in*» as set to* " *™ me discussion hsre- 
L te 's«ioon(S i )«t,.en.oo ^Lo, ^^' l^^^m^^ 

[0007] The LEC method involves loading 9 ^ wh , ch ,s usually a M °w M jnjec , 

Ucedontopdthe^ 

a tube extending t herefr u om ( T H h ^ si ; e vesS el and the crucible is heated above the me ^ h )fl ^ vessel 

tor are placed within a heated P^JJ^ to encap sulate it. This glass ^^^^ arsenic sublimes 
oxide glass softens and flows over he ^ is then posit , one d and heaW s° n d them 

prevent liquid ^ mix the ^.^^^L crucible and a seed 

cannot be grown due to the seed pull.no ^ ^ 

» heater - *«, involves the translation of the melt (liquid ^ J^any direction to accomplish the 

growth. To utilize the Bridgman process, 9 
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■ . < <~aA<; and the arsenic is heated to a 
h • , hP n sealed The gallium is heated above the melting point gradient is then trans- 

ampoule which .s then sealed, me g torming GaAs. The £ m P B ridgman system 

and therefore non-uniformities ,n the ^ ^ ^ 

dopant during growth resistivity semiconductor grade oaAs is y y jn 

^ ,t is known that ^ un o P ^ gh resist ^ ^ downward to 

ed frequencies in the range of 1 to 14m c ^ ^ |6 opaque from abou ^ 

becomes transparent. It is also known _tha t the a ^ ^ range not of concern h um 

about the x-ray range, ^J£^£ffi*» or dome unless ,t ^J^SS^ *• desired 

grade group lll-V compounds and particular^ 
We. 

SUMMftBiQEJi^-^^^^ nn ., |0n as defin ed in claim 1 and the claims 

P art and provides much greater EMI/EMP p ^ ^ ^ 

erally involves operation at high df arsenide (GaAs) and _gamum p h eo window and 

Sl2] Group IH-V «»^^CSiI- hereinbelow, ^T^^Sm donor in an amount 
abricated (i.e. grown and d °P e n d ^ W ransparency . Both materials can be doped w tn ^ to ^ the 

dome candidate mater-als for nfra^ ^ 

from about 5X10 15 atoms/cc to abou 2x1 ^ desired resisWf the no ^ ^ ^ 

ma terials conductive to resistivity 

results (less uniformity) smceSe, which sg ritnionize or remove an electron from the outer 

40 better than do Te or S. , 0 , energy required to ionize o creatjng a con . 

,0014] Another reason for select^ sha ow ^ ^ conduct , on bar^Th « ^ ^ ^ 

Sre. the donors win have contnb^ J ^ properties thered^s cond^ £ tQ 
°he material changes, there « ^"^^ offering substantial EMI/EMP P««* js due t0 the coupling 
he GaAs and GaP reman ^<^ 9 *^ « interest (i.e., 1 to 14 ^ re >J^*Sto a much greater extent, 
aoencies outside the infrared ^^'^ Qr GaR This coupling causes relied oa an aw mobimy 

- - ^SSlS^^s; STJS" w and su,,ur (S) 
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"n-Tvpe GaAs EMl/EMP Window/Dome Properties 


Optical Absorption Coef- 
ficients (cm" 1) 


Attenuation @ 15 GHz 
(dB) 


<0.02 


>60 
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£2 with a unt m and controllable resistivity and = J -piiant - ? Cot, 

square) is produced. The process uses graph te as opposed to ■ quart^ ^ graphite w , th p , e . 

containing essentially no adverse contaminant **«™"^™Z« selenium (Se) in a preferred amoun of 8 x 
,erred thickness of about 20 mils (about 0.5 mm s ^^™ e Tne boron oxid e has a water content of about 

10 « atoms/cc and boron oxide (B 2 0 3 ) j £* are £ ^ * ™' o, impurities from the Ga As 

450 to 550 parts per million and preferably 500 parts P«™» content 0 , 1 part per million or less 

melt, particularly carbon to about 1 x 10 9 B ^^^^£ y requiring an increase in the Se doping level 
(Without the wet boron oxide, the imputes would ^^ioi and providing an inferior result). Arsen.c s 
hereby lowering the mobility of the electrons and -ncrea * ™ un * a stoichio metric melt of GaAs with a small 
,oaded from an injector made of fused quartz '" to ^ ^^Te^rnsfcc and preferably 8 x 10 1 5 atoms/cc. A multi- 
amount of Se therein in the amount of 5 x 1 0 15 atoms/cc to 5 x 10 atoms* p ^ . g ^ ^ , 
Te furnace, with the number of zones to be ^^^^^L. Jming liquid GaAs encapsulated by 
tne me* and crystal growth. Once the arsenic ha ^ ^ 140 10 210 kPa) in an inert atmc^er, 
the boron oxide glass under pressui e of f.om a.o t a. ^ gfowth , s acnieved by imposing 
oreferably argon, in the vessel, the crystal is frozen « 9™*" ^ x sjdes and contain s 
jSJSot on the bottom center of the gradient across the furnace and 
the melt This causes nucleation of the melt at the bottom center a u tQ m g ver1 , cal 
perpendicular to the crucible vertical axis is then .mposed on he me t Th, « ^ ^ crystal 
Sfrection but with a planar interface. It is this planar growth interiac tha ^am ^ ^ ^ 
a dterefo e a uniform resistivity. When the entire crystal ^J^^^J^bi the B 2 0 3 reboi.s due to 
3 a Z as in the chamber is then pumped out ^ a ypon the temperature of the and 
the gases entrapped therein. This vacuum can vary ov er a 9^Ua ^ ^ ^ wherein the ^ , 
the amount of gas therein. This reboilmg causes the B 2 0 3 to loam on dissolving in water. This 
t en7l is'hen cooled to a solid while ^TjlS S. the crucible and detaches therefrom 
minimizes the likelihood of cracking of the ^^^^^Z crysta , and the crucible, 
readily due to the presence of the carbon cloth as be perf0 rmed without the dopant to provide 
SSl U should be understood that the above * s "^£°"^ cal d0 mes, windows and components 
arge area gallium arsenide with controllable h.gh '^J^^^T^nM electronic components 
to use at infrared frequencies other than EM. P^J^J^^ The stability of the growth process 

EO systems with this window^ o , her infrared transmitting material, such as Si, Ge and group ll-VI and 

S-SSsff-^sra 

so signrficantly less expensive. ^ n nth P r features a novel infrared window and/or dome that provrdes 

10020] The invention herein prov,des, ^f^J^^anto attenuate RF and microwave racftaton and 
EMl/EMP protection, infrarsd trans = an ^.J^^i™. with EMl/EMP protection as well as a 
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RRIFF DESCRI "-"™ ™ F DRAWING 



[00211 

FIGURE 1 shows a vertical gradient growth apparatus for using in forming gallium arsenide in accordance with the 

ESSTrSe view of heating elements surrounding the crucible in accordance with the present invention; and 
FIGURE 3 is a top view of the heating elements in accordance with the present invention. 

o nFRHRIPTION r>F TVIF PREFE R™ FMBODIMENT 

NM221 Referring now to FIGURE 1 . in order to overcome the limitations of the LEC and Bridgman processes as dis- 
S <-* w,»h a uniform ^^^^^^^ 

therein in an argon atmosphere at a pressure of 20 to 30 ps.g The furnace 

x> [00231 The chamber 1 is maintained at the pressure of 20 to 30 psig (about 14U to " 
" 72 therefore the Ga 5 is heated to a uniform temperature above the « p«* of Ga As ( 2 8 C . .order to 
the As injection to proceed to complete, the Ga 5 ,s he d from ^ the As exceeding the 

IS "''A nu^'nten IS to control the melt and crystal growth. A typical furnace for use £ conjunc- 
support 21 . A carbon cloth 23, preferably of graph.te hav.ng V^^^f^^GURE 1) which include, as 

two top elements F disposed over the boat. priransulated bv the boron oxide 

ing point ol GaAs, .238- C. » eai*. the SaAs ™» in m boa. 3 to nucte te »ndl M« a 
a radially symmetric thermal gradient as generally follows w,th reference to FIGURES 2 and 3. 
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Time after As Injection 


1 hr. 


2hrs. 


3 hrs. 


4 hrs. 


6 hrs. 


9hrs. 


A 


1230° C. 


1225° C 


1220° C. 


1215° C. 


1200° C. 


1200° C. 


B 


1232° C. 


1227° C. 


1222° C. 


1217° C. 


1200° C. 


1200° C. 


C 


1236° C. 


1235° C. 


1225° C. 


1220° C. 


1205° C. 


1200° C. 


D 


1236° C. 


1235° C. 


1225° C. 


1220° C. 


1205° C. 


1200° C. 


Sides 


1245° C. 


1245° C. 


1245° C. 


1240° C. 


1230° C. 


1200° C. 


Top 


1245° C. 


1245° C. 


1245° C 


1245° C. 


1240° C. 


1200° C. 
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[0027] This results in the growth of the crystal from the center up and the center out to the edges. Then the side 
zone temperatures are lowered at point 4 hours while the top zones are held at 1245° C. This allows a planar vertical 
interface to advance up through the melt, growing a large flat plate of GaAs. Eventually the temperatures of the side 
and top zones are lowered to allow completion of the crystal growth. The very small thermal gradients within the grow- 
ing crystal (less than 20° C.) result in the stoichiometric, low defect, low dislocation GaAs, with a uniform distribution of 
dopant through the thickness of the crystal. The doping is uniform across the thickness, which is essential for use as a 
window or dome. 

[0028] The crystal is annealed at 850° C, by lowering all furnace zones to this temperature at a rate of about 2 C 
C /minute and is held at this temperature for 8 to 12 hours. As the temperatures in the zones are then lowered at about 
2° C /minute after annealing in the range of 550 to 520° C. and preferably to 530° C, the pressure is vented from the 
chamber and evacuated with pumps to about -14.7 psig (about - 100 kPa). This causes the B 2 0 3 glass encapsulant 7 
to reboil (dissolved gas bubbles out), resulting in a foaming glass which becomes solid as the furnace lowers in temper- 
ature below 400° C. This foamed B 2 0 3 is too brittle to fracture the crystal as the temperature is lowered to room tem- 
perature (about 20 to 25° C). Once cooled, the crucible 3 with the GaAs crystal and the foamed B 2 0 3 thereover are 
placed in alcohol (preferably methanol, ethanol, propanol or isopropanol) and then the B 2 0 3 is completely dissolved in 
water releasing the GaAs crystal from the crucible. The GaAs crystal can now be fabricated into a window. 
[00291 It should be understood that the above described process can be performed without the dopant to provide 
large area gallium arsenide with controllable resistivity for purposes including and other than EMI protection with optical 
domes and window for use at infrared frequencies. 
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A composition for use as an optical window which is transmissive to radiation of infrared wavelengths in the range 
of from 1 micron to 1 4 microns and which is relatively opaque to radiation of substantially all wavelengths above 14 
microns and from 1 micron to x-ray frequencies consisting essentially of a group lll-V compound doped with a shal- 
low donor element and having less than 1 part per million impurities and less than 1x10 atoms/cc carbon. 

2. A composition as set forth in claim 1 wherein said shallow donor is Se, Te or S. 

so 3. The composition of claim 1 or claim 2 wherein said group lll-V compound is selected from GaAs and GaP. 

4. The composition of any one of claims 1 to 3 wherein the concentration of said dopant is from 5x1 0 15 atoms/cc to 
2x1 0 1 6 atoms/cc. 

35 5. The composition of claim 1 wherein said compound is GaAs and the dopant is Se. 

6. The composition of claim 5 wherein the concentration of said Se is from 5x10 15 atoms/cc to 2x10 16 atoms/cc. 

7. An optical window or dome of a composition as claimed in any one of claims 1 to 6. 
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Pa tentansp ruche 

1 Zusammensetzung zur Verwendung als optisches Fenster, die durchlassig ist fur Strahlung mit Infrarotwellenian- 
qen im Bereich von 1 M m bis 14 M m und die relativ undurchlassig ist fur Strahlung von im wesentlichen alien Wel- 
lenlangen oberhalb von 14 und von 1 jim bis Rontgenstrahlenfrequenzen, bestehend im wesentlichen aus 
einer lll-V-Gruppenverbindung dotiert mit einem leicht ionisierbaren Donator-Element und m.t wen.ger als 1 ppm 
Verunreinigungn und weniger als 1x10 15 Atomen/cm 3 Kohlenstoff. 

2. Zusammensetzung nach Anspruch 1 , wobei der leicht ionisierbare Donator Se, Te oder S ist. 

3. Zusammensetzung nach Anspruch 1 oder 2, wobei die lll-V-Gruppenverbindung ausgewahlt ist aus GaAs und 
GaP. 

4. Zusammensetzung nach einem der Anspruche 1 - 3, wobei die Konzentration der Dotierung im Bereich von 5x1 0 1 5 
55 Atomen/cm 3 bis 2x1 0 16 Atomen/cm 3 liegt. 

5. Zusammensetzung nach Anspruch 1 , wobei die Zusammensetzung GaAs ist und das Dotierungsmittel Se. 
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6. Zusammensetzung nach Anspruch 5, wobei die Konzentration des Se im Bereich von 5x10 15 Atomen/cm 3 bis 
2x1 0 1 6 Atomen/cm 3 liegt. 

7. Optisches Fenster oder Kuppel aus einer Zusammensetzung nach einem der Anspruche 1 bis 6. 

5 

Revendications 

1 Composition destinee a etre utilisee en tant que fenetre optique qui peut transmettre un rayonnement de longueurs 
' d3e dans Hnfrarouge dans la plage allarrt de 1 micron a 14 microns et qu, est relativement opaque v,s-a-v,s d un 

jusqu'aux frequences des rayons X, constitute essentiellement d'un compose du g _oup I ^W™* un el6 
ment donneur superfici el et ayant moins d'une partie par million d',mpuretes et moms de 1 x 1 0 atomes/cc de car 
bone. 

,5 2. Composition selon la revendication 1 . dans laquelle ledit donneur superliciel est Se, Te, ou S. 

3. Composition selon la revendication 1 ou 2, dans laque.le ledrt compose de groupe lll-V est choisi parmi GaAs et 
GaP. 

20 4. Composition selon fun. quelconque des revendications 1 a 3. dans laquelle la concentration dudit dopant est de 5 
x 10 15 atomes/cc a 2 x 10 16 atomes/cc. 
5. Composition selon la revendication 1 , dans laquelle ledit compose est GaAs et le dopant est Se. 

, 5 6. Composition se.on la revendication 5, dans laquelle la concentration en Se est de 5 x 10« atomes/cc a 2 x io« 
atomes/cc. 

7. Fenetre ou dome optique ayant une composition selon rune quelconque des revendications 1 a 6. 
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